The phosphodiesterase-4 inhibitor roflumilast reverts proteolysis in skeletal muscle cells of patients with COPD cachexia.
Peripheral muscle weakness and mass loss are characteristic features in severe chronic obstructive pulmonary disease (COPD). We hypothesized that the phosphodiesterase (PDE)-4 inhibitor roflumilast-induced cAMP may ameliorate proteolysis and metabolism in skeletal muscles of COPD patients with severe muscle wasting. In myogenic precursor cells (isolated from muscle biopsies and cultured up to obtain differentiated myotubes) from 10 severe COPD patients and 10 healthy controls, which were treated with 1 μM roflumilast N-oxide (RNO) for three time cohorts (1, 6, and 24 h), genes of antioxidant defense and oxidative stress marker, myogenesis and muscle metabolism, proteolysis (tyrosine release assay) and ubiquitin-proteasome system markers, autophagy, and myosin isoforms were analyzed using RT-PCR and immunoblotting. In COPD patients at 6 h RNO treatment, myotube tyrosine release, total protein ubiquitination, and tripartite motif-containing protein 32 levels were significantly lower than healthy controls, whereas at 24 h RNO treatment, myotube myosin heavy chain ( MyHC) -I and MyHC-IIx expression levels were upregulated in both patients and controls. In the 6-h RNO cohort, in patients and controls, myotube expression of nuclear factor (erythroid-derived 2)-like 2 ( NRF2) and its downstream antioxidants sirtuin-1, FGF-inducible 14, and insulin-like growth factor-1 was upregulated, whereas that of myocyte-specific enhancer factor 2C, myogenic differentiation, myogenin, myostatin, atrogin-1, and muscle RING-finger protein-1 was downregulated. In myotubes of severe COPD patients with cachexia, roflumilast-induced cAMP signaling exerts beneficial effects by targeting muscle protein breakdown (tyrosine release), along with reduced expression of proteolytic markers of the ubiquitin-proteasome system and that of myostatin. In both patients and controls, roflumilast also favored antioxidant defense through upregulation of the NRF2 pathway and that of the histone deacetylase sirtuin-1, whereas it improved the expression of slow- and fast-twitch myosin isoforms. These findings show that muscle dysfunction and wasting may be targeted by roflumilast-induced cAMP signaling in COPD. These results have potential therapeutic implications, as this PDE-4 inhibitor is currently available for the treatment of systemic inflammation and exacerbations in patients with severe COPD. NEW & NOTEWORTHY In myotubes of cachectic chronic obstructive pulmonary disease (COPD) patients, cAMP signaling exerted beneficial effects by targeting muscle proteolysis and reducing gene expression of proteolytic markers of the ubiquitin-proteasome system and that of myostatin. In myotubes of patients and controls, roflumilast also favored antioxidant defense through upregulation of the nuclear factor (erythroid-derived 2)-like 2 pathway, of sirtuin-1, and of gene expression of slow- and fast-twitch isoforms. These findings have potential clinical implications for the treatment of muscle wasting in patients with COPD and cachexia.